A knee-ankle-foot-orthosis (KAFO) has been developed which incorporates a genucentric knee joint and a similarly designed ankle joint. This paper describes a clinical evaluation of its practical use on 120 hemiplegic patients over a six year period from 1979 to 1984.
Introduction
As previously reported (Morinaka et al, 1982 ) the orthosis is a long leg shelled type, made of a flexible plastic laminate, "Subortholen" (Fig. 1) . The thigh part of the orthosis consists of an anterior wall and posterior cloth cuff. It is connected to the lower leg shell by a polycentric (genucentric) knee joint which connects the overlapping anterior thigh shell and the lower leg shell. The joint allows a range of movement from 10" to 130" controlled by a small plastic stopper attached to the upper edge of the lower leg shell.
The ankle joint is also polycentric and made in the same way as the knee joint; it allows a range of movement from 0" to 30" in dorsiflexion. The orthosis is light in weight, weighing about 500g.
This KAFO is considered to be an effective orthosis to correct deformities and allow dynamic ambulation for the disabled, especially hemiplegics.
Clinical use and results
Over the six year period from 1979 to 1984, these orthoses have been prescribed to more than 120 hemiplegics with very satisfactory results. Results of bracing with the KAFO in 82 cases with hemiplegia have been evaluated. Results were classified in three groups (Table 1) .
Group A-cases who cannot ambulate without the KAFO. Group k a s e s who can ambulate more effectively and dynamically with the KAFO. Group C-cases who can ambulate with only an AFO. In Group A 29 cases were able to ambulate smoothly after fitting and all continue to wear the orthosis without rejection. The duration of All correspondence to be addressed to Mr. Y. Morinaka A further 19 cases in Group A have transferred to Group B and have continued bracing including a period in the AFO for 54 months. Another 5 cases became able, after some months in the KAFO, to ambulate using only an AFO.
In Group B, 16 cases continued to ambulate effectively with the KAFO for 23 months on average from the onset. Also in Group B, 13 cases transferred to Group C and continue to ambulate effectively using only an AFO.
Biornechanical studies and technological investigation
Some results of biomechanical studies and a technological investigation on the KAFO are presented below.
A biomechanical analysis was performed of hip and knee joint movement during gait in the KAFO. An electrogoniometer was devised for this study. The movements of the hip and knee joints were measured when walking with the KAFO and also without the U F O . Results are shown in Figure 2 for a 55 year old female patient with left hemiplegia, Brunnstrom's stage 3 (Brunnstrom, 1966) . Without the KAFO, her hip joint hardly extended, and her knee joint showed hyperextension. However, in the KAFO her hip and knee joint extended and flexed adequately so as to permit effective ambulation, her torso being held erect. Electromyographic (EMG) investigation was also performed during walking in the AFO and KAFO. Results obtained are shown for two KAFO users, a 55 year old male with right hemiplegia and a 40 year old male with left hemiplegia; for an AFO user, a 58 year old male with right hemiplegia and also for a normal 55 year old male. Figure 3 shows typical records of the EMG obtained from the main leg muscles of the affected side by means of surface electrodes.
One KAFO user exhibits periodic patterns almost similar to normal gait. Fig. 4 . Isochrornatia study of the genucentric knee joint. Left, weak point at the anterior contact region (arrowed). Right, the improved genucentric knee joint.
Mechanical endurance tests were also carried out on the genucentric knee joint. The KAFO was inserted in a cyclic tester, and a load of lOkg applied. A small crack appeared after 15Ox 104cycles. An isochromatics study showed a weak point in the genucentric knee joint at the corner of the anterior contact region (Fig. 4,   left) . The improved stress distribution with the new design of knee joint is shown in Figure 4, right.
Summary
This design of KAFO provides hemiplegics with effective and dynamic ambulation because of its lightweight, easy application, and controlled motion at the genucentric knee and ankle joint. The KAFO has flexibility, which permits relative rotation about the long axis between thigh and lower leg cuff. In this KAFO, hemiplegics progressively increase their ability to extend or flex their hip and knee joints.
